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ABSTRACT 

The design of two systems which reference the position of a 
Lon|wall Shearer Coal Miner to the mine roof of the preaent cut and 
of the last cut are presented. This system Is part of an automation 
syat£im that will guide the rear cutting drum in such a manner that 
the total depth of cut remains constant even though the front drum 
may be following an undulating roof profile. 

The rear drum referencing mechanism continually monitors the 
distance from the mine roof to the floor for the present cut. This 
system provides a signal to control a constant depth of cut. The 
last cut follower mechanism continually monitors the distance from 
the mine roof of the prior cut to the cutting drum. This latter 
system provides a signal to minimize the step height in the roof 
between cuts. The referencing system, which Includes the last cut 
follower, LCF, mechanism and the rear drum referencing mechanism, 
RDRM, Is designed to be operated manually and It is to be adapted 

to Interface with a syatem wh;*ch automatically controls the drum 
position. These two mechanisms are to be stowable and deployable 
automatically. 

Signals from the two sensors are visually displayed by pointers 
on linearized scales to Indicate Che desired change In height of the 
cutting drum. The two mechanisms use mechanical probes which are 
actuated by hydropneumatic springs. The dynamic response of this 
hydraulic-pneumatic and mechanical system Is analyzed to determine 
accumulator size and precharge pressure. 


TABLE OF CONTENTS 

Chapter Page 

ACKNOVniEDGMENTS 1 

ABSTRACT 11 

LIST OF FIGURES v 

NOMENCLATURE vll 

I. INTRODUCTION 1 

II. DESIGN OF REAR DRUM REFERENCING SYSTEM 8 

2.1. General Description ... 8 

2.2. Functional Requlrenents .... . 8 

2.3. Design Concepts 9 

2.3.1. Alternative Concepts 9 

2.3.2. The Final Concept 14 

2.3.3. Hydraulic Circuits 18 

2.3.4. Overload Devices ... 21 

2.3.5. Dynamic Response of Rear Drum 

Referencing Mechanism ........ 24 

2.3.6. Design of Linearized Visual Readout 

Linkage ..... 40 

III. DESIGN OF LAST CUT FOLLOWER REFERENCING 

MECHANISM 44 

3.1. General Description and Functional 

Requirements 44 

3.2. Design Concepts 44 

3.3. Hydraulic Circuits 49 

IV. CONCLUSIONS AND RECOMMENDATIONS 53 


TABLE OF CONTENTS (Continued) 


Chaptor Page 

APPENDIX A: LIST OF DRAWINGS 36 

APPENDIX B: LIST OF COHPUTER PROGRAHS FOR 

DYNAMIC ANALYSIS OF RDRM . 60 

Figure B.l. Conparlaon of 

Integration Mathoda 67 

REFERENCES ....... gg 


LIST OF FIGURES 


V 


Flgur« Pn«i 

1.1 Hethod of Longvall Shearing 3 

1.2 Longwall Shearer In Operation . 4 

1.3 Side View of Longwall Shearer . 5 

2.1 Sclaeore Type Concept * 10 

2.2 Dual Parallel Linkage Concept 11 

2.3 Multiple Stage Cylinder Concept 12 

2.4 The Telescoping Guide Tube Concept ......... 13 

2.5 General Outline of RDRM (Front View) 15 

2.5A General Arrangement of RDRM (Side View) ....... 16 

2.6 Rectangular Telescoping Mechanism 17 

2.6A Hydraulic Actuator and Pivot Assembly 19 

2.7 Linearized Four-bar Linkage Arrangement 20 

2.8 Vertical Positioning Circuit for Different 

Roof Heights (RDRM) 22 

2.9 Angular Deployment Circuit for Probe and 

Sensing Circuit 25 

2.10 Schematic of Forces Acting on RDRM Probe Arm .... 27 

2.11 Equivalent Dynamic System of Linearized 

Four-bar Linkage 30 

2.12 Relation Between Angular Position of Arm and 

Linear Position of Piston 30 

2.13 Dynamic Response of RDRM Probe for Different 

Roof Heights . 36 

2.14 Probe Response as a Function of Precharge 

Pressure and Accumulator Size 38 

2.15 Probe Response Time Versus Precharge Pressure .... 39 


Vi 


LIST OF riGUKES (ContlniMd) 

Flguc* Pag* 

2.16 The Overlay Method, The Succeeelve 

Poeltlons o£ the First Crank .......... 62 

2.17 The Overlay Method, the Required 

Positions of the Sscond Crank . 62 

2.18 Overlay of Layouts in Figure 2.16 end 

Figure 2.17 63 

3.1 Last Cut Follower Mechanism with Cam 

and Follower 65 

3.2 Last Cut Follower Mechanism Without 

Cam . 67 

3.3 General Outline of the LCF ........... 50 

3.4 Angular Deployment Circuit for Probe (LCF) ... 51 

3.5 Sensing Circuit (LCF) 52 

4.1 General Arrangement of the RDRM and the LCF 

at their Extended and Retracted Positions ... 54 

B.l Comparlsion of Integration Methods 


67 


vil 


SYMBOL 

A 

*2 

C 

d 


ds 



e 


F 

f 

I 

P 

S 

T 

V 

W 

X 

y 

T 


NOMENCUTURE 

DESCRIPTION 

Area, IN^ 

Dletance as shown in Figure 2.12, IN 

Distance as shown In Figure 2.12, IN 

Nominal Height of Deployed Probe, IN 

Length of drive arm between Its rotating 
center and cable head, IN 

Diameter of shear pin, IN 

Inside Diameter, IN 

Outside diameter, IN 

Length of drive arm between its rotating 
center and piston rod end 

Shearing force, LB 

Probe contact force, LB 

Length between gravity center and rotating 
center of link, IN 

2 

Mass moment of Inertia, LB-IN-SEC 
Pressure, PSIA 

Length of arm as shown In Figure 2.10, IN 
Tension In Cable, LB 
Volume, IN"^ 

Weight of a member, LB 
Piston displacement, IN 
Vertical displacement of probe, IN 
Shearing stress, PSI 


vlll 


NOHENCUTURE (Continued) 


SYMBOL DESCRIPTION 

6 Angle between probe am and Ita nominal 

posltlcn, DEGREES 

« Angle ?/etween ams aa shown In Figure 

2.10, ;0EGREES 

S Angle between arm and horizontal line as 

shown ;ln Figure 2.10, DEGREES 

4 Drive arm angle when piston is fully 

extended tr> hear end, DEGREES 

^ Angle locatlig position of drive arm as 

shown in Figure 2.11, DEGREES 

Y Nominal position of drive am with 

respect to vertical line, DEGREES 


CHAPTER X 


INTRODUCTION 

Energy! Merlcane will long remenber thoae winter aornlngs In 
1975, welting for gaeollne In the freezing dawn. Nor will nllllona 
of cold Americana easily forget the winter of 197$-1977 and thoae 
draatlcally lowered thermos tate. Consider the natural sources of 
energy that are continually present in Our midst, sources that would 
provide unending power. . .water, solar, nuclear and fossil fuel. For 
many years the most economical energy sources were natural gas and 
crude oil. But these are rapidly being depleted by the industrial 
nations. The severity of the shortage of world wide crude oil can 
be better realized when it is noted that more oil has been consumed 
in the last 25 years than in all previous years in history. At this 
rate, the present known resources of crude oil will be completely 
exhausted by the year 2000. Nuclear and solar energy appear to need 
long range research before they can be economically applied on a large 
scale with minimum pollution. Thus, the world wide demand for energy 
has led to the '‘rediscovery of coal" - the once and future king (1). 

It has been estimated that a threefold to fivefold increase in 
world coal production must occur during the next 40 years to meet 
increasing energy requirements. Therefore, a big step forward in 
mining technology, particularly in remote control, automation and 
monitoring to achieve greater safety and productivity, is greatly 
needed. This is why the Bureau of Mines (BOM) has Introduced the 
longwall shearer mining technique from Europe and is studying 
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th« poislblllty of Im tailing ca»ot« concrola to it'tcreage aafaty and 
productivity. 

WldiUy uacd in Europa, tha longwall nlnlng techniqua traa intro- 
ducad into tha Unltad Statea in 1960 u Since tban» tha longwall 
ainlng technlqua haa baen Improvad and la baconlng aora popular# 
Thara era thraa aajor advantagaa to thin tachniqua. One advantage 
la higher recovery rataa. Recovery of up to 80% of the coal la 
preaantly obtainable while the BOM reporta poaalble recovery of up 
to 90% • Thla la well above the current recovery rate of 55Z for 
the average room and pillar mining technique. The aecond advantage 
la high productivity becauae of an Inherently new mining technique 
and high cutting apeed. The third advantage la the Improvement of 
health and aafety factors in the mine. The problems with weak 
mine roofs are overcome and ventilation of the working area la 
Improved also (Z ) • 

A specific type of longwall mining, known as the longwall 
shearer (LWS) method, Is being studied by the BOM. There are 
basically three main parts to the LWS (Figure 1.1): the main frame; 

the hydraulic roof supports; and a conveyor system. The LWS is 
moved along tracks. As it advances, coal is sheared by two rotating 
drums (Figure 1.2). The cutting teeth on each drum form a helix so 
that loose coal Is moved onto the conveyor belt between the LWS 
tracks (Figure 1.3) while the drums are In operation. After the 
cutting drum passes the roof supports, these supports are moved for- 
ward 30 Inches, which Is the width of cut. As the roof supports 
progress, the overburden causes a cave-ln of the nonsupported roof. 
By using this operating process, the LWS system Is able to progress 
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•long the coal seam properly as It repeatedly shaves off a 30 inch 
wide slice along the 300 to 600 foot long face of the seam> 

At present » a man is needed to control the vertical position of 
each cutting drum. However, the depth of coal remaining on the mine 
roof after a cut may be remotely measured by a Nucleonic Coal Inter- 
face Detector (3). Hence, the use of a Nucleonic Coal Interface 
Detector, CID, could allow the LWS to follow the undulating surface 
of a mine. Some studies have indicated that the depth of a coal 
seam does not vary more than a couple of inches over long distances, 
even though the seam may have undulations as it follows the earth's 
crust. Therefore, it appears feasible to design a rear drum re- 
ferencing mechanism (RDRM) which will make contact with the mine 
roof and provide an error signal proportional to the deviation of 
the depth of cut from the mean height of the seam. Thus, the CID 
and RDBN would provide vertical guidance for the automated LWS. A 
last cut follower (LCF) would provide another useful signal for 
vertical control of the automated LWS because It could provide a 
signal which Indicates the difference between the roof surface at 
the present cutter path and the roof surface at the adjacent last 
cut. This signal could be used to prevent excessive steps between 
adjacent cuts In the roof. The National Aeronautics and Space 
Administration, NASA, Is working with the BOM, to automate the LWS (4). 

Since the CID has been designed and built, the next step Is to 
design the RDRM for referencing the rear drum of the LWS to the roof 
surface. The main Idea of this referencing system Is to use a probe, 
which slides along the roof of the cutter's current path, to give the 
Information on the depth of the present cut. Also, the LCF Is 
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designed to slide along the mine roof In the previous cut. This 
will provide a signal which Is proportional to the deviation c£ the 
roof top between the current cut and the prior cut. 

The purpose of this thesis Is to design, analyze and prepare 
detailed drawings of the RDRM and the LCF. The LCF will be deployed 
for the forvrard cutting drum and retracted for the astern cutting 
drum. The RDRM will be deployed for the astern drum and stowed for 
the forward drum. 

The thesis will first discuss design concepts and the complete 
system design and will then analyze the system's dynamic response. 

Seven concepts for the system are Investigated but only twj 
concepts are fully developed. The hydraulic system and dynamic re- 
sponse analysis of the RDRM are developed. The optimization of a 4- 
bar linkage In order to linearize the output of the sensors Is also 


Included . 


CHAPTER II 


DESIGN OF REAR DRUM REFERENCING SYSTEM 

2.1 General Description 

A rear drum referencing mechanism Is designed to produce a con- 
trol signal for the rear drum so the total depth of cut will remain 
constant even though the front drum may be following an undulating 
roof line. The RDRM Is designed to withstand the severe mine envi- 
ronment. Because cosbustlble gas Is always a mine hazard, the 
complete system Is actuated by hydraulic power Instead of electrical 
power . 

2.2 Functional Requirements 

1. The rear drum Is to follow a guide in such a manner that the 
total depth of cut remains constant even though the front drum may 

be following an undulating roof line. 

2. A probe which actuates the guidance system Is to contact the 
mine roof in the vicinity of the rear drum. 

3. The guidance system output Is to be a visible pointer which 
Indicates the required change In drum height. The change In drum 
height is to be controlled manually. However, the design must be 
able to interface with a system which automatically controls the 
drum position. 

4. The system Is to be stowable and deployable automatically. 

5. The system should be capable of relocation to measure the 
distance from the ceiling of the last cut to the front drum. 
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6. The system must be designed for operation in the severe 
environment of a coal mine. 

7. The system is to be mounted on a Joy Longwall Shearer. It 
should be adaptable to other brands of Longwall Shearers. 

2.3 Design Concepts 

Several design concepts were investigated during the development 
of the system. The major difference between those concepts is the 
method of supporting the probe. These alternative concepts will be 
presented. 

2.3.1 Alternative Concepts 

The scissors type (Figure 2.1) arrangement can allow the probe 
to operate on the "last cut" beside the front drum or on the current 
cut" above the rear drum. The probe will move In a direction which 
Is perpendicular to the main frame of the Longwall Shearer at all 
times due to the constraint of the parallel linkage. 

The dual parallel linkage concept for supporting the probe 
(Figure 2.2) also holds the probe perpendicular to the main frame 
as In the first concept, but the parallel links are shorter to Improve 
linkage stability and to prtvlde more clearance for the hydraulic 
motor. 

The multiple stage hydraulic cylinder concept (Figure 2.3) uses 
a rotary actuator to retract the mechanism. However, it would be 
difficult to prevent rotation between each stage of the telescoping 
cylinder. 

The telescoping cylinder with guide tube concept (Figure 2.4) Is 
a modification of the multiple stage cylinder concept except that It 













FIGURE 2.4 THE TELESCORIN® GUIDE TUBE CONCEPT 
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If inftalled on the LWS ana with a guide tube to prevent teleacoplng 
cylinder rotation. 

The single stage hydraulic cylinder concept (Figure 2.5) 
replaces the 4 stage telescopic cyllndei. concept. This concept will 
reduce the cost considerably, because the purchased Itens are standar<l 
and the hydraulic system Is simplified. This concept was chosen for 
complete development. 

2.3.2 The Final Concept 

The concept which was selected for development Is shown In 
Figure 2.5 and Figure 2.5A. This concept uses a single stage 
hydraulic cylinder to extend a telescoping rectangular tube. The 
outer telescoping tube is anchored to the LWS ranging arm by a pivot 
at the drum center and with adjustable turnbuckle. The turnbuckle 
provides correct angular positioning to place the probe directly 
over the cutting drum center for various coal seam heights and sizes 
of cutting drums. This turnbuckle adjustment should work for 
constant depth coal seams but not for variable seam thicknesses. 

The probe surface which rides on the coal roof is on an arm 
which is pulled up against the roof by a cable. The tension in 
the cable is approximately constant as it is provided by a hydrau- 
lic cycllnder pressurized by an accumulator which will be described 
in the next section. A general outline of the final design is 
shown in Figures 2.5 and 2.5A. 

The rectangular two stage telescoping mechanism used in the RDRM 
is Illustrated in Figure 2.6. The inner rectangular tube is pushed 
up by the hydraulic cylinder when it is pressurized by the hydraulic 


PROBE 



FIGURE 2.5 GENERAL OUTLINE OF RORM (FRONT VIEW) 
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FIGURE 2. 5 A GENERAL ARRANGEMENT OF RORM 

(SIDE VIEW) 
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valve. As the Inner rectangular tube moves up, It rotates the spur 
gears and the chain sprocket because the spur gear Is engaged with 
the rack which Is fixed to the outer rectangular tube. The lower 
sprocket drives the upper sprocket and the upper spur gear via the 
chain. As the upper spur gear rotates. It will drive the floating rack 
upward In the Inner rectangular tube. A hydraulic actuator and pivot 
assembly (Figure 2.6A) are mounted on the top of the floating rack. 

The actuator can rotate the probe 90 degrees for the storage position. 

The visual readout of the drum height correction required for 
maintaining a constant depth of cut Is provided by a pointer which 
gives a linear readout from the nonlinear signal of the probe. 

The probe transmits the signal to the 4-bar linkage by a cable. 

The general arrangement of 4-bar linkage Is shown on Figure 2.7. 

When the whole mechanism needs to be retracted, the first step 
Is to change the 4-way valve position so that the double acting 
cylinder can pull the inner rectangular tube and the modified rack 
down. A second hydraulic valve is actuated to rotate the probe arm 
90 degrees Into the storage position. 

Because of the long probe arm, an aluminum tube Is used to 
reduce mass and to obtain a quick response time. Zinc dlchromate 
t primer should be used prior to applying finish coats to avoid galvanic 

action between steel and aluminum. 

2.3.3 Hydraulic Circuits 

There are three hydraulic circuits to operate the system. The 
purpose of the vertical positioning circuit is to raise or lower the 
pivot of the probe for different average coal seam thicknesses. As 




FIGURE 2*6A HYORAUUC ACTUATOR AND PIVOT ASSEMBLY 
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can be seen In, Figure 2.8, a 3 position 4~way control valve regulates 
the oil supply to the cylinder for the purpose of raising or lowering 
the probe by way of the gear rack, gears and chain as shown In Figure 
2.6. The relief valve Is used as e safety device In case of a roof 
cave-ln. The sensing circuit provides approximately a constant force 
between the probe and roof of the mine by the cable which connects 
the probe arm to the visual readout linkage. This constant force Is 
obtained by using an accumulator for the hydraulic supply. The arm 
may be lowered by reversing the actuation cylinder In this sensing 
circuit. 

The angular deployment circuit controls the probe arm position. 
The arm can be positioned normal to the direction of travel for the 
active position or the probe arm may be positioned parallel to the 
direction of travel for the stow position. The circuits will use 
the same source of oil as the LWS. Pressure reducing valves are used 
to obtain the required pressure. 

2.3.4 Overload Devices 

A shear pin is provided to prevent damage due to a frontal force 
acting on the RDRM. Located at the top of the telescoping rectangu- 
lar tube adjacent to the turnbuckle. this hollow shear pin should 
shear at a load of 5000 lbs which is much lower than the load which 
would fall the axle pivot. The shear pin is made of SAE 1018 CFS 
material which has a tensile yield stress of approximately 56000 PSI 
and a shearing yield stress of 0.577*56000PSI. Thus, the diameter 
of shear pin, d, is 


COAL ROOF 



FIGURE 2. 8 VERriCAL POSITIONING CIRCUIT FOR OlFFERENT ROOF HEIGHTS 

(REAR DRUM REFERENCING MECHANISM) 
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0.577*56000 PSI 


d - 0.313 INCH 

Since the pin diameter Is small • the bearing stress will be high. 
Hence, It Is better to use a hollow pin Instead of a solid pin. If 
we assume the wall thickness is 0.0625 inch, then 


d - d. + 0.0625 * 2 
o 1 

where 

d ■ outside diameter of pin 
d^ > inside diameter of pin. 

The shear area of the solid pin must be equal to the shear area of 
the hollow pin. Therefore 

tt/4 * (0.313)^ - ti/ 4 *(d^^ - dj^) . 

Hence 

d^ ■ 0.337 inch 

d = 0.462 inch, 
o 



24 


The relief valve and accumulator In the hydraulic ays tern also 
serve as safety devices. The accumulator provides the hydropneumatic 
spring for the probe arm. Thus, when an excessive vertical load is 
applied to the probe, such as during a mine roof cave-ln, the 
accumulator allows the probe to move down to the bottom Of Its travel. 
If the excessive vertical loads continue, the relief valve will be 
actuated to allow the rectangular telescoping mechanism to collapse 
also. 


2.3.5 Dynamic Response of Rear Drum Referencing Mechanism 

The dynamic response of the RDRM probe Is Investigated to 
establish a design which will maintain contact at the coal roof. The 
following parameters are determined from the dynamic study: (1) 

accumulator size; (2) Inertia of probe arm; (3) precharge pressure 
of accumulator. 

There are three hydraulic circuits; a vertical positioning 
circuit for different roof cuts, an angular deployment circuit for 
stowing the probe, and a sensing circuit which drives the deployed 
probe. The first circuit controls the various heights of a rectan- 
gular telescoping mechanism for different cutting drum diameters and 
coal roof heights. This circuit Is controlled by a double acting 
hydrnullc cylinder with a maximum stroke of 18 Inches and a three- 
posltion-four-way control valve as shown In Figure 2.8. The second 
circuit rotates the probe arm 90 degrees when the rear drum referenc- 
ing mechanism Is deployed and stowed per Figure 2.9. The sensing 
cltcult exerts a steady force on a cable to pull the probe against 
the roof surface when the probe Is In the active position. This 
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FIGURE 2.9 ANGULAR 0£?LOY.V£NT CIRCUIT FOR PROBE & SENSN6 CKCUIT 
(REAR 6rU.V. R£FCR£MC!NG MECHANISM) 
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circuit Is shown in Figure 2.9. The existing hydrsullc system on the 
LWS will serve as the source of pressurized hydrsullc oil for these 
three circuits. Pressure control valves are Installed In each circuit 
to provide the required pressures. 

A mathematical model of the hydraulic system will aid In the 
determination of required pressures, capacity of accumulator needed 
to obtain the desired response time, angular velocity of probe arm 
rotation, and contact pressure between probe and coal roof. 

Only the dynamic system of the sensing circuit which drives 
the deployed probe will be analyzed. Because It consists of 
a long arm and heavy probe, the system was simplified as shown In 
Figure 2.10 and 2.11 for mathematic formulation. 

The moment about the pivot for the system In Figure 2.10 may 
be written as 

2 Mq - le 

- Fjj a cos(0 + 0) - W 2 b cos(0 + 9) - TS cos(“ -3 - 6) ■ . 

But, cos(3 + 6) ® cos 3 cos 0 - sin 0 sin 0 

cos [(a - 3) - 0] = cos (a - 3) cos 0 + sin(a - 3) sin 0 


Hence, 

- a {cos 3 cos 6- sin3sin0} - W 2 b 
(cos 3 COS0 - sinesing} - TS{cos(oe - g ) cose + 
sin(« - 3) sine} “ I 20 


REACTION FORCE 



FIGURE 2. 10. SCHEMATIC OF FqRCES ACTING 
RORM PROBE ARM 



For •■»!! anglaa 


and 


coi 6 s 1 


sin 6 s e. 


Therefore, 


-Fjj a cos P- W 2 b cos $- TS coa(« - P) +9^FJ^ a aln P 


+ W 2 b sin P - TS 8ln(« - P) ) - 12® » 


or, 


e - 0 {- 


Fj^ a sin 0 W 2 b sin P 


^ TS sin(«“P .) j ^ 

h 


F_ a cos P 

+ 


w* b cos P _o /_ flv 

-i- + .0 

I2 I2 


or, 


0 - 0 + C 2 + T (Cg + 0 C^) - 0 


(2.1) 


where, 


F_ a sin P w« ^ ® 

iV _ _ » ^ 


I2 I2 

F a cos p w_ b cos P 

R .A 


S cos(« - P ) 


C. - (S sin(“ - P)) /I, . 


H 
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The cable tenaion (T), which provides the accelerating force In 
Equation 2.1, la developed by the hydraulic cylinder and accumulator 
In Figure 2.11. The equation for praasure (P 2 ) and accumulator gas 
volume (V 2 ) la 


n 

pjVj- 


O'. 


n 





n 



The maximum volume of air for the accumulator la V „ and occurs when 

all oil la purged from the accumulator. This volume la 

nu»x 

pressurized with a pressure, for an Initial precharged state. 

Due to leakage from the system It Is desirable to store some oil 

In the accumulator by pumping It In at a pressure, P^, In excess of 

The quantity of oil stored will be a function of P^^, P and 
ap ^ ' ap c 

V . 
max 


p (l/n) 

- ''oil) ■ (''max) 

c 


If 


we select ■ 3.5 IN"' and n ■ 1.4 for air, then. 


F 


c 



max 


'V - 3.5 
max 


1.4 

■) 


The hydraulic cylinder is fully extended under the above conditions 
of precharging with air and charging with oil. When the piston 
moves a distance, x, (Figure 2.11) the oil in the piston Is forced 
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ritUNC t.ll EOUtVALCNT DYNAMIC SYSTEM OF UNEARIZED 

4-SAR UNKA6E 




FIOUNE 2. IS RCLATION BETWEEN ANSULAR POSITION OF- 
ARM ond UNEAR POSITION OF PISTON 
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Into th« accunulator and the acctaulator air voIibm la raducad by 


where. 


AV - X Ap 


A ■ area of platon. 

P 


Hence, 


P (— 


nax 


1.4 


max 


- 3.5 - X A_ 




The functional relationship between the piston displacement and 
the angular linkage movement is Illustrated in Figure 2.12. The 
following derivation will result in an equation which expresses x 
as a function of the angles Y, and 


When 


When 


<|» - 0; 0 - 0, y - 0, X 0. 

^ - -i|(. X - 0. 

X - az - 8i 

■ e oin((Y ’+' 1 ^') ” ♦)) 

■ e sin(Y - (|i) 

Sz ■ e sin(y + \j)) 
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Hence, 


but 


For small 


Hence, 


but 


Thus, 


Let 


Then 


X - e 8ln(Y + <i») - e sln(Y - ♦) > 


sln(A - B) sin A cos B - cos A sin B . 


angles 


sin ({) « ^ and cos ^ > I. 


X ■ e sln(Y + '(>) “ e(sln y cos Y ) ; 

((i ■ S 8/d. 


X 


e sin(Y + t|») - e slny + 


e S 9 


cos Y 


Bg * e^sin(y + ^ji) - sin yj 

„ _ S e cos Y 

®10 d~” 



+ e B 


10 


33 


The moment about 0^ for the arm la I'lgure 2ull may be simplified If 
the Inertia of links S and 6 are neglected and If the moment due 
to the weight w^ Is neglected. The resulting free body diagram la 
shown In Figure 2.12. 


*i-^ S M ■ 

• • 

T d cos(y -<!>)- Pg Ap e cos(y - ♦) “ 

T d{co8 Y co8<|'+ sin y sin O - Ap e(cos y cos ^ 

+ Sin Y sin <j>} - i|i . 

For small angles, 

“Sin (|i ~ ^ • cos (|) s 1. 


T d{ cos Y - <l> sin y ) “Pg A e{ cos y + (Ji s In y} - 


1^4* ^3 \ eCcosY + <!' ‘Sin y) 

^ dicosY + li* Sin y} 


But 


i -0 i 


The pressure at any position, x, is; 


max 


P Bl P / ■ .. 

2 ap W - 3.5 - X A 
max p 


1.4 

) 


when 3.3 IN of oil are pumped into the accumulator while x ■ 0 


and after precharging. 
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For a 


If the 


since 



Let 


Then, 


L.125 Inch diameter piston, 




friction loss in the pipes and fittings is neglected, 


Pj - P 2 - 14.7 pal 


Pj is gage pressure and P 2 is absolute pressure. Therefore, 


. (ccY^f am Y ) 


d{c 08 Y + ^ ®in y) 


®1 ■ I4 s/d 


B, ■ d cos Y 


B3 - S Sin y 


V 




1.4 


+ sin Y ) 
a 


the cable tension is given by the following equation; 


fl 

>r s 1, , ^ = >r 

+ e B3 


( 2 . 2 ) 
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Now combine Equations (2.1) and (2.2) for T to obtain: 

•• B +8 

° (C3 + »V -0 


Let 




Bs ■ 1 + Bs Bi 


Hence , 

e Bj - 6 Cj + Cj + B, - 0 

or 

( 0C. “ C, - B. Be) 

Q. i — ^ i--L. (2.3) 

®6 

Equation 2.3 expresses the position of the probe In terms of the 
dynamic properties of the system. This equation will be used to 
design the system. 

Two computer programs were written to calculate the response tlm^ 

angular velocity, acceleration and torque of probe arm, tension of 

cable, vertical travel of probe, and pressure change of the hydraulic 

system. Figure 2.13 shows the response (i.e. the vertical travel) 

of the probe for two different precharge pressures (Pj^ and P2) In the 

3 

accumulator. The response is shown for a 30.8 In accumulator. A 

3 

volumne of oil, V" ■ 3.5 IN , was pumped into the accumulator after 
precharging and while the hydraulic cylinder was fully extended, i.e. 
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X ■ 0. This produced pressures greater than precharge pressures 
at X " 0. 

Figure 2.14 shows the relation between the angular position of 

the probe arm, theta, and the hydraulic pressure with two different 

precharge pressures (P^ and P 2 ) and with two sizes of accumulators 

(V^ and V 2 ) • From the curves It can be seen that an accumulator 

volume of 30.8 In and a precharge pressure of 114.7 psla will give 

a fairly smooth curve without building up a high pressure In the 

operating range of the probe arm. So, the recommended accumulator 

size is 30.8 In^. The accumulator was filled with an oil volume 
" 3 

V , equal to 3.5 IN after precharging and with the hydraulic cylinder 
fully extended. 

Figure 2.15 shows the relation between precharge pressure in the 
accumulator and time required to rotate the probe arm from a position 
of * 45 degrees or 62 * -7.5 degrees to obtain a certain angle 
when the probe will contact the coal roof which Is theta equal to 
-10 degrees. From Figure 2.15 it can be seen that the minimum pre- 
charge pressure in the accumulator Is 60 psla. This means that the 
precharge pressure below 60 psla will not be adequate to move the 
probe at all positions in the operating range. The influence of a 
small volume . of oil (V', V", V") on the dynamic response is in- 
dicated. This volume of oil was pumped into the accumulator after 
precharging and with the hydraulic cylinder fully extended. Some 
excess of oil is required to make up for leakage through the hydrauEc 


valves . 


400 
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FIGURE 2.15 PROBE RESPONSE TIME VERSUS 
PRECHAROE PRESSURE 
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The modified Euler (predlcaCor - corrector) method and Runge- 
Kutta 4th order method were used In the computer program to Integrate 
the equation (2.3) for accuracy comparlaoa Both methods provide the 
same answer as shown In Appendix B. 

2.3.6 Design of Linearized Visual Readout Linkage 

To design a 4-bar mechanism to generate a desired function with 
four precision points or more, we might write the Freudensteln 
equation for these points (5). However, beyond the 4 points the 
calculations become so extensive that making them Is Impractical 
unless they are programed for a computer. In this paper, we Include 
here one very practical approximate way of design for multiple - 
coordinated input and output - crank positions. The procedure, which 
Is called the "overlay method", will be Illustrated by the following 
example. 

A 4-bar mechanism Is to be designed so that the angular dis- 
placements of the two cranks will be related according to the follow- 
ing schedule: 

Degrees Rotation 
From Starting Position 

Position Number First Cran k Second Crank 

0 0 0 


1 

30 

17 

2 

60 

36 

3 

90 

59 

4 

120 

88 


Procedure: 

(1). On transparent paper make a layout. Figure 2.16, showing the 
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successive positions of Che first crank. Use eny convenient length 
for this crank. Assume a length for the connecting rod and draw the 
family of circle arcs of this radius with centers at the successive 
crankpln positions. 

(2) . Make a second layout. Figure 2,17» showing the succesnlve 
positions of Che second crank and a series of possible lengths for 
this crank. 

r 

(3) . Fit the first layout over the second, as shown In Figure 2.18, 
trying to make the circle arcs of the first pass In proper order, 
through one of the series of possible crankpln positions of the second 
It may be necessary to try other connecting-rod lengths, redrawing 
the first layout, before a satisfactory fit Is obtained or the 
conclusion Is drawn that none exists. 

This Is a good, practical procedure that will yield satisfactory 
results for many problems, especially those for which the tolerance on 
position of the output crank Is of the order of 0.5 degrees or more. 

Now, to return to our design problem, it Is necessary to show 
the LWS operator a linearized scale of a 1- 2 Inch range with one Inch 
Increments for Che distance which he must move the cutting drum. 

We need 5 points, l.e, 5 linear output crank positions from 5 non- 
linear Input crank positions. Using the overlay method, we obtain 
a satisfactory fit for the visual scales of RDRM and LCF readout 
system as shown in Figure 2.7. The pointer pivot shaft may be 
directly connected to a linear rotary potentiometer If an electrical 
signal proportional to drum height correction Is desired. 



FIOURC 2.17 THE OVERUAY METHOD, THE REQUIRED 
POSITIONS OF the SECOND CRANK. 
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FIGURE 2.18 OVERLAY OF LAYOUTS IN FIGURE 2.16 
AND FIGURE 2.17 


CHAPTER HI 


DESIGN OF LAST CUT FOLLOWER REFERENCING MECHANISMS 

3.1 General Description and Functional Requlrenenta 

It la deelred to have the celling for the "present cut" within 
± 2 Inches of the celling of the "last cut". This control of the 
site of discontinuities In the roof surface (Figure 3.1) Is required 
to avoid excessive tilting of the hydraulic roof supports. 

The last cut follower mechanlsmt LCF, Is designed to measure the 
distance from the celling of the last cut to the center of the front 
cutting drum. The difference In the height of the LCF probe above 
the drum center and the radius of the dr<^M provide the distance^ or 
error. In celling height between the last cut and the present cut. 

A visual pointer Is provided which will Indicate this "error" In 
front drum position so that the LWS operator can eliminate it by 
raising or lowing the front drum manually. But the design will be 
able to Interface with a system which automatically controls the 
drum position. This mechanism is also designed to be stowable when 
used with the rear cutting drum and deployable when used with the 
front drum. It is also designed to withstand the severe environment 
In the coal mine. 

3.2 Design Concepts 

Two design concepts for the last cut follower are Investigated, 
but only one is fully developed as a final design. Figure 3.1 and 
Figure 3.2 show these two concepts. Both concepts are installed 
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on Vihe support tracks. The main difference between these two 
concepts Is that the first one uses a cam follower^ a cable under 
light spring tension to actuate the pointer, three concentric cubes, 
and two hydraulic cylinders In the base. The latter uses only one 
hydraulic cylinder In the base and a push-pull cable with a hydraulic 
cylinder to actuate It. 

Figure 3.1 shows the lower hydraulic cylinder which drives 
the cam which rotates the probe arm down from contact with the roof. 
The probe attempts to exert a constant contact force on the coal roof 
because It is desired to have a constant acceleration of the probe 
as It moves Into a void. This force is supplied by the spring on 
the pointer and by the torsion spring. The cam will keep^ the 
probe arm in the stow position while the upper housing Is rotated. The 
upper hydraulic cylinder will rotate the upper portion of the 
mechanism from the deployed to the stow position and vice versa. 

The second design, which Is shown in Figure 3.2, Is simpler than 
the. design in Figure '3.1. The number of concentric shafts is .educed 
and the torsion spring is eliminated. This is the final design 
because the simplification will reduce coat and Improve the manufac- 
ture ability slgntf ic.nntly. 

The probe is held against the coal surface by the force which 
originates in the LCF visual readout linkage, Figure 2.7. This 
cylinder is supplied with oil from the accumulator as the probe 
moves over the undulating roof ‘surface. The force is transmitted 
from the cylinder to the probe via the system of levers, cable and 


PROBE ARM 



FIGURE 3.2 LAST CUT FOLLOWER MECHANISM 
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gears. The cable la In tension whevx the probe is .in the active or 
deployed position. The probe may be pulled Into a stow position by 
actuation o£ the hydraulic cylinder In Figure 3.2 and by actuation 
of the hydraulic cylinder of the LCF visual readout linkage to place 
the cable In compression. The following sequence of events describe 
this operation. First, the probe arm Is rotated downward from the 
roof surface to the horizontal position by pressurizing the rod end 
of the cylinder which places the cable In compression. Second, the 
cylinder In the base is pressurized on the head end to cause the 
top of the LCF support to rotate, the compression force of the cable 
continually forces the arm to remain in the horizontal position as 
the LCF support rotates. 

A pointer, which moves over a linear scale. Is attached to the 
cable so that the LWS operator can change the front drum height 
through use of this visual system. By using the overlay method (5), 
the response of the probe Is linearized so that the distance on the 
scale of the pointer is directly proportional to the vertical 
distance traveled by the probe. To reduce wear and friction needle 
bearings and needle thrust bearings are used In this linkage. 

To keep the mechanism in the vertical position and get the most 
correct readout, two curved tracks are developed. An error would be 
produced in the LCF reading if the LCF Is not perpendicular to the 
roof of the mine because it would not indlcafe the perpendicular 
distance from the drum center to the roof. 

The mechanism is mounted on the tracks for a specific angle 
position of the ranging arm. When the angle of the ranging arm is 
changed, the whole mechanism must be relocated by loosening the bolts 
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on the LCF base. The center at the radius of the curved tracks Is 
at the axis of the cutting drum. Thus, the mechanism can be 
relocated easily to the vertical position when the angle of the arm 
Is changed. Since It Is assumed that the coal seam depth Is relative- 
ly constant, this track adjustment should not be required frequently. 

A general outline of this system Is shown In Figure 3.3. 

A shear pin Is designed for the probe arm to protect the main 
body of the mechanism In case of a coal roof cave-ln. Since the 
system does not involve a large Inertia, the dynamic response of the 
system Is omitted. The linearized visual readout mechanism Is com- 
bined with the RDRM system as shown In Figure 2.7. 

3.3 Hydraulic Circuits 

There are two hydraulic circuits to operate the system. The 
purpose of the sensing circuit Is to raise or lower the probe via the 
linear actuator, cable and bevel gears as shown In Figure 3.5. 

There Is a pointer to show the probe height while the probe moves 
along the undulating roof profile. A relief valve Is provided to 
prevent damage from roof cave-ins. An accumulator Is also used In 
this circuit to provide the hydraulic cylinder with a steady supply 
of pressurized fluid. The angular deployment circuit Is provided 
to rotate the probe arm 90 degrees from the deployed position to 
the stowed position or vise versa as shown In Figure 3.4. 
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FIGURE 3.4 ANGULAR DEPLOYMENT aRCUIT 
iLAST CUT FOLLOWER) 



front cotter 



FSGURE 3.5. SENSING CIRCUIT CLAST CUT fOLUlWER) 


CHAPTER TV 


CONCLUSIONS AND RECOMMENDATIONS 

Five design concepts for rear drum referencing mechanism and 
two design concepts for last cut follower mechanism' are presented • 
Only one concept for each system Is fully developed. A total of 
twenty-four design drawings, which are listed In Appendix A, 
are prepared for manufacturing. The final design concept for the RDRM 
Is Illustrated In Figure 2.5, while the final design for the LCF Is 
shown In Figure 3.3. Outlines of the LWS with the RDRM and the LCF 
at their extended and retracted positions are shown In Figure 4.1* 

The suspension system for both the RDRM and the LCF use 
hydropneumatlc springs. The dynamic response characteristic of the 

3 

RDRM is analyzed. The recommended accumulator size Is 30.8 In , the 
precharge pressure Is 114^7 psla, and the Initial oil fill Is V” ■ 

3.5 In . The dynamic response of the LCF was not analyzed In detail. 

The RDRM and the LCF may be remotely deployed or stowed. 

It was not feasible to use the RDRM to perform the LCF function. 

Visual indicators are provided to indicate the roof step between 
the last cut and the present cut and to Indicate the required change 
in rear drum height. 

An orderly procedure for deploying and retracting the RDRM and 
LCF is required to prevent interference. 

Preliminary experiments should be conducted with the initial 
models to verify response time and to check the rate of oil leakage 


across the valves. 


LCF EXTENDED POSITION 
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If the nucleonic coel detector le to be aounted to the LWS» the 
■ountlng syeten will probebly require eoM chengee to the RDRM end 
LCF Bountlnge. 

The performance calculation* should be repeated to Include 
friction loss in fluid flow. The equation for B5 as shown on Page 35 
is correct, but a sign error exist* in the computer program. The 
general conclusion* do not appear to be significantly affected by 


the error. 


appendix a 


LIST OF DRAWINGS 
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APPENDIX A 
LIST OF DRAWINGS 


LAYOUT 

NUMBER 

DATE 

DESCRIPTION 


PB-001 

S«pt. *77 

Hydraulic Controls for Main Stage 


PB-002 

S«pt. *77 

Position Control for Leakdown 
Prevention 

1 

PB-003 

Oct. *77 

Concept of Mechanlsa for Referencing 
Rear Drum of LWS • Mounted on Main 
Frame 

i 

1 

1 

PHB-001 

Oct. *77 

Concept for Mechanism for Referencing 
Drum of Longvall Shearer to a Given 
Surface 

ji 

'i 

PHB-002 

Oct. *77 

Dual Parallel Linkage Concept for 
Supporting Probe. 

f 

PHB-003 

Nov. *77 

Telescoping Cylinder with Tubular 
Guide 


PHB'004 

Nov. *77 

Concept for Mechanlam for Referencing 
Rear Drum of LUS Using Expanding 
Linkage 

ij 

PHB-005 

Dec. *77 

Sensor Arm, Pivot Head 

j 

PHB-006 

Dec. *77 

pivot Head, Housing 


PHB-007 

Jan. *78 

Last Cut Sensing Mechanism, Left-Hand 

:( 

PHB-008 

Jan. *78 

Last Cut Sensing Mechanism, Right- 
Hand 

ii 

[ 

PHB-009 

Feb. *78 

Probe, Mechanism for Referencing Rear 
Drum 


PHB-010 

Feb. '78 

Parts for Last Cut Sensing Mechanism 


PHB-011 

Feb. '78 

Referencing System for Rear Cutting 
Drum 

H 

PHB-012 

Feb. '78 

Arm, Sensor, Referencing System for 
Rear Drum 

i| 


I 
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LAYOUT 

NimBBR 

DATE 

DESCRIPTION 

PHB-013 

Her, »78 

PartBy Kechanlait for Referencing 
Rear Drum 

PHB-014 

Mar. '78 

Parta, Mechaniam for Referencing 
Rear Drum 

PHB-^015 

Her* *78 

Parte,) Last Cut Sensing Mechanism 

PHB-016 

Mar, '78 

Flange and Shaft Aasembly* Apparatus 
for Referencing Rear Drum 

PHB-017 

May '78 

Supporting Shaft for Apparatus for 
Referencing Rear Drum 

PHB-018 

00 

Parts, Apparatus for Referencing 
Rear Drum 

PHB-019 

May '78 

Turnbuckle, Apparatus for Referencing 
Rear Dnun 

PHB-020 

July '78 

Rectangular Tubing, Mechanism for 
Referencing Rear Drum 

PHB-021 

July '78 

Parts, Track, Last Cut Follower 

PHB-022 

Aug. '78 

Track for Last Cut Follower 

PHB-023 

Aug. '78 

Mechanism for Referencing Rear Drum 

FHB-024 

Aug. '78 

Linearizing Mechanism for Visual 
Readout of Last Follower Signal 

PHB-025 

Sept. '78 

Angular Deployment Circuit for Probe 
(Last Cut Follower) 

PHB-026 

Sept. '78 

Angular Deployment Circuit for Probe 
and Sensing Circuit (Rear Drum 
Referencing Mechanism) 

PHB-027 

Oct. '78 

Vertical Positioning Circuit for 
Different' Roof Heights (Rear Drum 
Referencing Mechanism) 

PHB-028 

Oct. '78 

Sensing Circuit for Probe (Last 


Cut: Follower) 
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UYOUT 

HUMBER 

fHB-029 

PHB-030 


DATE DESCRIPTION 

Novt *78 Linearizing MechanlaM for Vlaual 

Readout (Right Hand) (Laat Cut 
Follower and Rear Drwa Referencing 
Mechanlaai) 

Nov. *78 Aaecably of Senalng Mechanlaa for 

Rear Drua Referencing Mechanlaa 


APPENDIX B 


LIST OF COMPUTER PROGRAMS FOR 
DYNAMIC ANALYSIS OF R.D.R.M. 
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ORIGINAL PAGE IS 
OF POOa QUALITY 


dynamic analysis on the design of a rear drum REpERFNCIMG mechanism 
and hydraulic circuit of longwall shearer <a coal mine machine) . 

THIS program WIU aNALY?E THE RESPONSE OF TOROUE» TIME AND DISTANCE 
travel OF THepRoRE IM THE SYSTEM»T0 DETERMINE APPROPRIATE GAS 
pressure in accumulator. 

tt**^**^******'***Hi*t*****it* 

PREOICtOR-CORRECjOr method 

« * * 41 4 , 4> 4t 4^ « « * ^ 4i 4I ♦ 4I * J* * 4i 4r 

ALWK^^^AnlASV^’fHE^^NG^E rItw^eS^THE ARM OF PROPF AND THE APM 
, connected eiTh cable 

B < INCHES) the Distance between center of gravity of arm of probe 

D IlNcftEsV^OlSrANCE slyWEFN ARM roIatIMG CENTER AND THE POINT 
connected To cable. 

E <1nCmES)^DIStAwCe^BETWEPN arm rotating center AMD THE POINT 
Connected to pisTon ro"*. 

FR <LB5> force Op cOaL ROOF AGAInST PROBE. 

GAMA (rAOIAN)„THf aNgLE D=’TWFEN^VERTICAL line ANn THE ARM 0 ^ FQUR- 
RAR Linkage whIch connected to cable when theta is zero. 

12 (IN-Ld-SEC**a) mass MOMENT OF INERTIA OF PRORF AND ARM OF PROBE. 
I4 JIN-LB-SECKyZ) mass MOMMEnT OF INERTIA OF PISTON AND PISTON ROD. 
P <PAlA> ACCU^iK'-AToR PRESSURE^WMiLE PR0°E ARM ROTATING. 

K?pCHaRgSd^PRESSUrE 0^ GAS pLACCUNULATOR. 

S UNChES) distance, between probe arm ro ^ ~ 

connected To CAbLE. 

SHAI (rAC)IAN) iNiTiAl VALUE OF ThETA. 

T (SECOND) time JeoUiREO FOR THE PROBE TRAVELLING. 
theta (DEGREE) PrOijF. ARM POSITION ANGLE. 

TO (IN-Lbs) TOROuE Of THE PROBE ARM. 

TS (LBb> tension of CARLE. 

V (InChE**3) GaS volume of accumulator after initial charged with 

3,5 CUfdC Il'jCuEs OF OIL. 

Vl (INfH*43) MAXIMUM VoLUVE OF ACCUMULATOR. 

Y (INCHES) PR 03 E Vertical traveling length. 
w2 (LB5> weight qF PRObE ANO PRObE ARM. 

REAL I2'I4» NEgBlE 

ALPHA=i54,*RAD 
BETA=132.2*RA0 

t AMA=?l . 4 <kAD 
HAI=b:B2?RAD 

albt=beTa-alpha 

A=27,B 
B=21.G 
C=20.594 
D=3.8 

fr=o. 

12=60.23 
I4=0,4a5 
PAP=ll4.7 
S=3.a 
V1=30.8_ 

V=Vl-3;5 
W2=7.34 


ROTATING center AND THE POINT 


PRECEDIWG PAGE BLANK NOT FILMED 


origima^ 

OF POOR QUAUfl^ 


T=0. 

DT=0,0i 

©‘“•♦S.^RAD 

Qpl=0. 

qUOIzO. 

od^2|=-o.oj-»rad 

iO^FORMAT ( 9x » ’ TIM£ ' , oK , • THETA * » lOX , • THETA » » 8X» • THETA » » lOV » 
!!Sf^y;i8^'«2??’i9X.*TS*»9y#'TQ'»5X»*lTEPAT*»5X»»V»»7X» 

. _ . * I E ' » /3aX ' ' ^ ’ Double * » /six * » dot ♦ * / ) 

l?8 {oStinOe 

Bg=0*CoS?r,AMA) 

nS=S*SlN(GAMA» 

B10=(S*E*C0S(GaMa) )/D 


T5*S*C0S(ALRT+0») 



NE§f’LE=o,oooonooooi 

ERROR=0‘0('00001 


S0=C1/b6 

TF(?Zl?LT.NrGnLE) GO TO 200 
IflO 1«0.200.200 

GO To l5o 

200 continuE 

lF<Q2.Lf.-0.2) Go TO 4oO 
aoppp ([ 00^2-ODDl ) *dT/DT+QDD2 

T=A*SInJ1B{j)-C 
q1 =02* 180 . /3* 141 59 
ODl^OlZ^lBO./a. I 4 I 59 
qDD1=2oD2 
T=T+dT 

300 continue 


WRXTe(u; 32P> TfQi»Qpi»0DDl»2Zl*2Z2»TS»Tf»*ITERAT»Y.Bll 
320 F9R^ATtlXi4F14.6,2pl4.io,p9.2»2X»F9.2»3X*I4»lX»2F9.31 
Ql=01*3tl4l59/*lflO» 

001=QDi*3.l4159/i8o» 


GO TO l90 
400 STOP 
END 


NO diagnostics. 


ORIGINAL PAGE IS 
OF POOR QUALITY 
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OrNAMlC^ANALYSlS ON THE DESIGN Of A REAR DRUM REFERENCING MECHANISM 
AND hydraulic CIrCUU OF LONGWALL SHEARER (A COAL MINE MACHINEI 

RUNGE-kUTTA 4TH oRdER method 
A. <INChES» length oF arm of FBPPE 

^^^CoNrjECTED^Elf^'^CABLt^ BETWEEN THE ARM OF PRO.BE AMD THE ARM 

D (inchEs) the djstance.between center of gravity of arm of probe 
__and Its center Rotation. 

i'^rPI''9LiyE aNgLe, between hORTZoNTaL LINE AND ARM OF PROBE. „ 

C <INChE5)VER1IcAL^0I5TaMCE BETWEEN THE TOP OF PROBE AND PROBE ARM 

,RoT/Jisjg cenTfr When theta is zero. 

0 {INCHES) ^ISTAhCe BETWEEN ARM ROTATING CENTER AND THE POINT 

^ point 

FR (LBS» FORCE Op cOaL POOF AGAINST PRORE. 

®'''’S.i'<r?^2yj^r^SE,ANGLE^H^TWEEN THE ARM OF FoUR- 

« RAR LlfgKAGE WhIcH CONNECTED To CABLE WHEN THETA IS ZERO, 

12 (IN-L3-5EC**2) mass momeNT^OF INERTIA OF^PROBF AMD A^M 0^ PRORE. 

^^/iiy"‘r‘^“^?F..V.?),MAs5 MONMFNT Of inertia of piston and PISTOM rod. 

ACCyvjUToR prfssure^while probe arm rotating. 

PAP.(^SIA) ^RECHaRgEd^PRESSDRE^OF gas in ACCUMULATOR. 

^ between probe arm rotating centfA and the point 

LON.'JtC Tt ■> . Tf) CAHLE. 

SHAI (rAoiaN) INiTiAl VALUE OF THETA, 

T^,i5ECoNi)) T|V:io«E-OyiREn foR,THE PROa«=' travelling, 
thc.ta (Degree) prohe arm position angle. 

TO { J9‘'2ue Of the probe arm. 

TS (lBs> tension Of cable. 

V (InChE*»3> GaS VoLUM^ of accumulator after initial charged with 

3.5 CUijIC I'jChES of OIL. 

VI (INcH*oV vaXi'mCiM VoLUmI of accumulator. 

Y t INCHES) PROiJE VERTICAL TRAVLLING LENGTH. 

W2 <LBS> WEIGHT oF PROQE AND PROaE ARM. 

REAL I2.»'(4»KI*.<2,K3»K4 
RA0=3. 1415925/180. 

ALPHA=i54.*RaD 
HETa=1j2.2*RA0 
GAMA=2i .*raD 
SHA 1=5^82 .RAO 
AL§T=gETA-ALPHA 

A-27 ,0 
3=21.6 
C=20,594 
0*3 . B 
QT=O.Oo5 

fsio” 

i5p?5ii 

PAP=ll4.7 

QD2=0. 

S=3.8 

TfSi 

Vl=3o.0 

V;V4-3.5 

w2-7.3a 


WIGiNAL P*.6 , , 
OF POOR CfUAury 


1=1,1000 


?sT+8t* 


320 


10 

400 


[| 


H=(FR2A2§lN(BETAUW2*4*SlNjBET5>l/I 
C2 =<FR*A*cOS(0pTa)+W2*B*COS<BE1A)i/Ii 
C 3=R*CoS(ALBlT7i2 
C4=5*SlN(At0T)/l2 

82=0*Cos9gAMA) 

B4=(}1 1 ♦£♦( COS (GAmA)J5*< 92/0) ♦S1N(6AMA)J 
B5=<C3-Q2*C4)/IB2+q2*B3T 

QDD«loi!ci-C2-B4»B5>/B6 

psBllfEM (COS(GaMA>+S*(q22/0»*BIN(6AMAJ 1) 

B5= « C3-021;*C4 ) / tB24-Q22*R3) 

llDD2= ( Qi2*Cl-C2-D4*B5) /R6 

023=Q2+(dT*OD?/2.)+DT*KI/B.. „ 

h 11=PA;>* ( ( VI/ ( V“ (P+BIO + OPB) ))**l»4)-l4,7. 

B4=R1iU* ( (COS(GAMAi+R2(g?3/0)*SlN(GAMAn) 

U5=(C3-023»C4)/<b2+023*B3) 

ii6=l . ♦ij5tF«l „ . 

GQD?=(j23*C1-C2-b4*B5)/R6 
K3=OT*oOo? _ . 

B5=(C3-0?4*C4)/Tp+Q24*R3) 

B6=1 • 

QDD2=(o24*CI-C2-d4*B5)/R6 

q2=02 + pt2'(q02+(Ki+k2+<3)/6,L 

QD2=Qlk+(KJl+2./K2f2»*K3+K4)/6. 

Li7=(H4»Rb+C2)/L!G 

a8=Cl/Gf» 

'^Q=B^TA|gPj ^ 

iliiF.3S»;cO5(0-:TA*o2?255»i*CO5IBETAHlSl-TS«S«COS(ALBT*9?) 

IF(02*l 7.-14. ) Go 400 

,VRIT£( 6*320) T#O2»(502*Qn02*75*T0,Y»Bll 

K0R'*AT(1X»QF15.6) 

Cj2=02*3.14lR?/iao. 

QD2=QD2«:3.l416/l60. 

continue 

STOP 

ENO 


NO diagnostics 


66 


ORIGINAL 
OF POOR 


PAGE IS 
quality 


Ik 


A.‘Hirr«Heir(Vr.iroi')icc>-<iriniCMtfaKi'', 0 'o imo>hccc(v; 
r 4 c K) irin * c N into A! » m ff ^ lO c N * » no # o> o> ciric c (r >14 in 
»ciC(Ci\.o>ffKioioM'r)Oior-o«cc»*«) 
«Ntf^l(rca>^•lnl^^•^ .-rtr l^'«'clrlOln^fc\.••-lc^•^^‘«vca^-c 
tfinaiva ar^Kh-iOicir ccinirnoicff a •^ccoicvu' «n!iCt-ic 
« c Id c m in a 10 A. >4 cr h- IT Mc a !T K •« a «r r« 1^ m 0 •- MO t- 4 * 10 
• •••••••••••••••••■•>**•••• 


ccr«cc«ft 0 «.l»^•^r•«f>C 0 l^a 0 io^•Hco cr*u aiv^c 
a lonio 10*01010101010 10 io»orjioio»oir»o»o»oioio<M«vnviM«MfWM »4 


•4 P 4 ^ M r* P 4 *-i p 


«)iM«i)nn>oiniMictni/3N <n*oooo4-in«-ir40«]i\i(C>-iinBa;,0 aa 
a-r-c iMtto in^n a 0 «cc*'c^*f.io» r 40 .-i*-o ^ r> v cooia a r* 
r>«ficr4aini\.ioc0(v.r><vu‘.ina0>K'iiC0a noo f'cviniva aivtc 

*oino«HcBr>>a0iointfl0o«4*>r4d:>4aioiO44r%o<cca0iOin(bcO)o 
ioiveaior^0sC0iO0r> >c«.a)*vcMtf>«rwinc*')n-cin»4Riff»rr)in 
>■ Mfviv^<-ico «r'iTK'cr'ira 0 a'*r.inin 0 r cr'<kr-' 40 «-r-<v 

cacao ao>0c<rcrc0nM>>in<rinir0ioiM.4C0h><C0*Of-> •«io 

p4> I> 4 4 4 i' l> <■ l» !■ ! ■ <■■ ll I > ilp o II !■ Ip I> 4 ^1p4 I | I I I 

I I I I I I • I M • t f i t • • i • • t t • 


o 

or 

o 

a- 


<eioa>a)0i(\ioin<-4i-i(vio>nioriJinoiOiCio(Ma>0 Hr4vo0i.or-p4r>>o 
»4«io<Cioa'r4iO0to00O'inoomDO0»ow0!aa-io0(CvujMaiMn(o 
Ha> 0 incc 0 »oa‘Wim\)io<\j<ccicn»c«M»Ct 4 - 4 inr*C'O'oiooccino«\) 
a ^.cclnl^l^or^(v>r•>nar^l^loclv 0 •->clov^'' .-iicr-o ir.rviaio^ 
r.iocvioff eeco<vr>r'*\.a crviainco u>cu caa-irino toirvoc 
iniTifha-^iiff raifif tf««vM^*^cra irecNCfiircmirc 


coccc«Mr->-cMMO0triC0O •■inirifc cc foaaa'ft.o« ot\ 
iao>o> 0 O' 00 ai 00 O 0 O'ca 0 O'oooco>-i> 4 <H«-t' 4 >-i.Hoc 00 
» 4 ^^ CViCViCN CVC\>Oj<V CVC\ n 

I I I I I I I I I I I I I I I I I I C I I I I • I I I I I I t I 


a? , icacaw0ooc*oir4-'*v0^a-«:>oa'<\i»-iW0,ff aocio^^via- 

o 0 ooo'a-o»cwioo. 0 r“aHr)oe'ffiW 4 C 0 r 4 »«<nauia-»oo'in\fia -*4 

►4 O0O u.0iro <-i0C>-<0 ffcic^foo.cvaa-co ainaioioa-a-c a 

1/1 ar.i'.a a.tt.c- 0 f'»Di-<o C'K-ici/K'cv.i'if i'ir«r 4 aca«irirr~io 

z 0 ffMna.tfir aiccffcv 0*000 in*' 0 ir*-ir 4 i/>*ri:to ai^.ct'r'o 

uj KistfcoffiNa-vd^.inrKMcsaiincMauiwio^inai^HioainimniOHa 

^ •••••••••••••••••••••••••••••••• 

ji 9 , c^ 9 ^ o>ffv c^c^ acoffiocNP-p* <£ia)in^ ecrcoh- in 

Q^KCDflOOO 


p^o>kDHino'r-in:t<Moor^invor^»ninj»<uinflOinknoroooino>K) 
occfMctoerfOo O'lrcco -H^ocr^titcMf^srcfcr cfo cvcsrrrcvfvo 
tfiii cc(Mrr-itf>(r*-‘ 0 '^a:m( 7 ‘in.-» 

O'o'eo»o 0 aino>^r 4 {o*oin 0 o'o<cr 4 ouii/ir-(<\ac'iot\j 0 io>cr'o to 
uimo «iooocDcna:r' 4 nvft’/iiocMo<oinio 0 >fKMr^c\)i^wa®r 4 f>';o*o<\Jin 
xso 0<ioioiO0<iO(o*o»O!Oioio0<cMfti<M«-t*4^oco o-ttr-N^ina aiow 

*-o 

O 0 00000000000000000000*0(0*0*0*010*0*01010(0 
I I I I I •• I I I i I I i I ( I I I I I M I I I I I I t I I 


.4in(C<sj®in(\iO'a~0 0 ® 00 * 0 ^ 010 ^ 101 ^ 0-0 Ho«\i.4ina-*OM0 
<M00inr-®(.)®eo00.4*o.-ir'0®ini/)>a®0®-4o.-4®oa-*o®.-( 
« . 4 ®(ooin«ooo 00 r 40 ir(V00(O(M(O00 ino®0ivin0*oa-r~ui 

*“*» 0C'.-<(o*offl0>or'.4in(O(OO'0ruiO0000 oin00(\irvic\jO'.-i3i® 

ujo oii3ffl0in.-«i\iic«io.-i(o(ar.in®a*or'0®a'0 0 o*oc.-<r~o * 0.4 

xo in(Mo/ino®ffioinf')(o® 0 *oin*o 00 ' 4 oonwic*oo/o®*otninin 

|o* «•••••••••••••••••********■••••• 

*-ifOkOr«o(M.no>(MkOo^ ovcc\j-n:f 

III I •H^«-4f-4c\irUK)mfO:t;^inin^Nt^cOGDa'oc«-4<M(\jK);r;nn 

llllllllllllllllill .4^r4.4W.Hr4.H.H 


®oi>o.Hh.o 0 tft®io. 4 . 4 <M 0 >oin 0 a»vOffl(O 0 r'W 0 o 00 ®(o- 4 r' 
o«a-®in 000 *rin®(\i*om 0 in®a' 0 *a'«(Oo® 0 ®ro<v) 0 ®o 
< inr'-i/im®oHH 0 iri ('>.4 0 wof'-oa»'flvoa-r '0 0 !Oo 0 vOMfOcM» 

t- inff 0 *o®(O. 40 iMLOcvi.-(n' 0 {v®U'a>io® 00 O'<vf\i(O««\ 0 ir)ff,(o 

lu 0 a- 0tt';0n-o*.-m-4®.4 0 ® 0 ® ( 1100 * 0000 . 4 ® 0 Nr-o(Si 0 a. 

X 0000*f.*Oir)CJ0®.-(®0.-((\JH0U1®OOt'r4(Or4r-0«00*O(M 

00000000 io(O(O(M- 4 . 4 O 0 a'*o 0 (O. 4 o®(oo®*Mffl 0 I in .4 

000000000000000 IO(OIOIO*O(O(V)(\KW(M» 4.4 | .H 


oeoooooooooooooooooooooooooooooo 
cooooccooccoooccooocoooococcocoo 
:ili o o 00000000 00 cooooooooooooooooooo 

X in. 4 ®*o®® oa- 4 j>o®ro. 4 oo- 4 «>>oo/>. 4 asOjiin*offl.H,r>oo 

1.1 o» 4 *H<\i(O 0 in*o« 0 .-«M 0 ®fflo<\! 0 *e 0 .-( 0 *O 0 (v)inffl.Hin®(\nn 

*- OOOOOOOOOO-l.4.4M*4(\iCM(MCVI<M(O'O(O'O0 00 '/nr)J 1 O'O 


1 



68 


REFEREHCES 


1. Bagge, Carl E., "Coal: The Once and Future Klngt" Coal Mining 

and Processing . Vol. 15» No. 1» January 1978, pp. 55-57* 

2. National Aeronautics and Space Administration, Automated 
Longwall Shearer. NASA TMX-73356, Marshall Space Flight Center, 
Alabama, October 1976. 

3. Jones, E. William and Handy, Kim, Nucleonic Coal Detector With 
Independent Hydropneumatlc Suspension . Mississippi State 
University, June 1, 1977. 

4. Rybak, S. C., Automated ' Longwall Guidance and Control Systems, 
Report on NASA Contract NAS8-32921, The Bendlx Corporation, 
Septejnber 6, 1978. 

5. Hall, Allen S., Jr., Kinematics and Linkage Design. Balt 
Publishers, 1966. 


